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Abstract—In the framework of the project called PerAWaT 
(Performance Assessment of Wave and Tidal Array Systems) 
which has been commissioned and funded by the Energy 
Technologies Institute (ETI) and which aims at developing a 
software to help developers of marine energy converters (tidal 
and wave) farm arrays, the LNHE conducted both experiments 
in their facilities and numerical modelling with Telemac2D. 
The flow around a 1/30th scale turbine in a flume has been 
investigated. Torque and thrust sensors on the rotor of the 
turbine, together with the measurement of the rotational speed, 
yield the power and thrust coefficients of the rotor for different 
Tip Speed Ratios (TSR). An Acoustic Doppler Velocity meter 
(ADV) is used to record local 3D velocity and turbulence 
intensity and lead to a detail mapping of the wake. 
A numerical model of a turbine has been developed within 
Telemac2D and calibrated against these experimental 
measurements. First, the model was adjusted and validated for 
the simple case of an island in a channel, extensively described 
in the literature. An extensive convergence study as well as a 
test for several numerical options of Telemac2D were carried 
out. Numerical errors propagation was also evaluated with the 
CADNA library. Second, and based on the first simulation 
conclusions, the LNHE turbine experiment was reproduced. 
With an appropriate set of parameters, the velocity 
comparisons between measurements and simulations are 
satisfying. Extension to other rotational speeds is not as 
straightforward as expected because of the complexity of 
phenomena at stake in the wake of a tidal converter. 
 
I. INTRODUCTION 
In the framework of the project called PerAWaT 
(Performance Assessment of Wave and Tidal Array 
Systems) which has been commissioned and funded by the 
Energy Technologies Institute (ETI) and which aims at 
improving understanding of array interactions and at 
developing modelling tools, the LNHE (Laboratoire National 
d’Hydraulique et Environnement) conducted experiments in 
their facilities and numerical modelling with Telemac2D [1]. 
Performance and wake are the key parameters in developing 
farms of tidal converters. The energy extracted by the 
converters can be strongly affected by flow conditions such 
as the current velocity, the turbulence of the flow, the 
distance between the rotor and the free surface or the 
presence of waves. 
Coastal basin scale simulations are extremely complex 
and are computationally expensive. Representing a 3D 
converter in a 3D mesh would add to this complexity, and 
therefore a 2D approach has been preferred so far. In order to 
predict the wake and the performance of a full array, the 
following methodology is applied: First, the quality of 
simulations obtained with Telemac2D and the validity of the 
numerical model will be checked for the flow around a 
simple cylinder. The best set of numerical options will also 
be investigated. Second, based on those first step 
conclusions, the model is applied to the flow around one 
converter in a flume and compared to the LNHE 
experimental data in order to validate it. 
II. FIRST STEP: MODELLING THE CYLINDER WAKE 
The free surface flow in a flume around a cylinder is well 
documented and can be considered close to the flow around a 
tidal turbine if the two obstacles and the inflow velocity are 
of the same order of magnitude. Consequently, this simple 
case is selected to investigate the different numerical options, 
as well as the time and mesh convergences in Telemac2D. 
Simulations are run and validated by comparing the 
experimental data to the simulated velocity fields. 
A. Experimental data for the cylinder[2] 
A turbulent flow in a flume around a vertical cylinder is 
experimentally investigated in [2] and is chosen to validate 
Telemac2D simulations because of its proximity with the 
LNHE experiments (Reynolds numbers and size of obstacles 
are of the same order of magnitude). The experimental setup 
and the important flow information are provided in Fig. 1. 
The flow is permanent because the Reynolds number 
corresponds to a critical and transitional regime, thus there is 
no vortex-shedding. This PhD report provides the depth-
averaged velocity at approximately 50 locations all around 
the cylinder, up to a distance which is equal to twice the 
diameter of the cylinder. 
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Figure 1.  Sketch of the experimental setup and main flow characteristics 
for the cylinder case 
B. Simulations 
The flow described previously is simulated in 
Telemac2D. The mesh reproduces the whole flume, the 
cylinder being simply represented by a hole. The following 
numerical options, summarised in Fig. 2, are investigated: 
• Two advection schemes are used: the method of 
characteristics, which is unconditionally stable but 
does not conserve the mass and the PSI scheme, 
which verifies mass conservation but also implies a 
stability criterion on the time step (Courant–
Friedrichs–Lewy condition). 
• Two turbulence models are selected: the constant 
viscosity model and the k-ε model. More details will 
be given afterward. 
• Two types of mesh are tested: structured ones, which 
are regular and made of equilateral triangles and the 
unstructured ones (cf. Fig. 3). The first ones are 
supposed to give better results but in real 
applications, with complex coast, the mesh is always 
unstructured. 
• The simulations are run for different mesh sizes and 
time steps to study the convergence. 
Regarding the turbulence models, the constant viscosity νt 
has to be set by the user for this model. Note that this value is 
then given for the whole study domain which could be 
problematic when a converter array will be studied. 
 
Figure 2.  Summary of all numerical options tested for the simulations 
(advection schemes, turbulence models, mesh and time steps) 
 
Figure 3.  Two different mesh types: structured (left) and unstructured 
(right) 
C. Preliminary simulation results: case with vortex 
sheddding 
To have a better understanding of this model, the 
simulations are run for different values of νt, corresponding 
to different equivalent Reynolds numbers, defined as 
follows: 
 Reeq = UL / νt. (1) 
When νt is large enough, the equivalent Reynolds is in 
the laminar range of Reynolds. The constant viscosity 
decreasing beyond a certain value, the equivalent Reynolds 
increases and vortex shedding occurs. The apparition of such 
oscillations in Telemac2D corresponds to the conventional 
Reynolds range for which vortex shedding usually occurs 
(Re>50 [3]). For the different values of constant viscosity 
with vortex shedding phenomena, the Strouhal number can 
be calculated from the simulated velocity field: 
 St = fD / U. (2) 
It has been checked that the calculated Strouhal numbers 
for different Reynolds numbers correspond quite well to 
well-known and tabulated values [4]. It provides a general 
validation of the flow around a cylinder. 
It also gives further understanding for the results obtained 
with the k-ε model, for which the turbulent viscosity is 
derived from k and ε values in each nodes. When using this 
particular model, the derived turbulent viscosity is always 
large, thus the equivalent Reynolds number is always small 
and will never lead to vortex shedding. The velocity is 
completely averaged. 
D. Simulation results: case without vortex shedding [2] 
To evaluate the quality of simulations, the relative error 
between the experimental (Uexp) and the simulated (Usimu) 
depth averaged velocity is calculated as follows: 
 
1𝑁𝑁��𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑈𝑈𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ��𝑈𝑈exp �𝑁𝑁𝑠𝑠=1  , (3) 
the sum being made on the different points for which 
measurements are available. 
The points for which the velocity is too small 
(approximately U<0.1 m/s) are not taken into account 
because even a small absolute error can lead to a very large 
relative one. This mainly eliminates few points in the axis 
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downstream the cylinder. To compensate, the far wake will 
be further validated in this paper with self similarity. 
For the constant viscosity model, the constant is set so 
that the error is minimised. 
For the method of characteristics, the relative error versus 
the mesh size is presented in Fig. 4 for both turbulence 
models and both mesh types. For each point in Fig. 4, the 
time step convergence has been ensured beforehand. On the 
first part of the graph (the left part), as expected, the error 
decreases with the mesh size. For Δx=2.5 cm, or one eighth 
of the cylinder diameter, the four simulations correspond 
nearly to the same error, convergence is probably established. 
On the last part of the graph (the right part), a noticeable 
trend appears: the error increases. 
For the PSI scheme, the same graph is plotted on Fig. 5. 
The same observations can be made: convergence is reached 
for Δx=2.5 cm. However the same problem occurs, the error 
increases back with very small mesh size and, which is 
specific to this advection scheme, with very small time step 
as well. 
This trend could be explained by the large number of 
calculations needed when very small time step and mesh size 
are selected. The numerical error becomes so large that it 
exceeds the numerical solution in itself. This hypothesis is 
being validated as explained in the next paragraph. 
 
Figure 4.  Method of characteristics: relative error between experiment and 
simulations on the x-component of the velocity, for different mesh sizes 
(cm), for two turbulence models and two mesh types 
 
Figure 5.  PSI scheme: relative error between experiment and simulations 
on the x-componenet of the velocity, for different mesh sizes (cm), for two 
turbulence models and two mesh types 
E. Numerical verification by using the xD+P approach 
The use of finite-precision arithmetic generates round-off 
errors at each arithmetical expression so some mathematical 
properties are lost during the computing of a numerical code. 
The fields of a numerical simulation using a finite element 
method are most often represented simply by their values in 
xD (1-D, 2-D, or 3-D). A new approach called xD+P was 
introduced in order to measure the numerical quality of the 
computed values [5]. More precisely, P represents the 
number of decimal significant digits which are not affected 
by round-off errors. The number of significant digits is 
computed by using the CADNA library [6]. The CADNA 
(Control of Accuracy and Debugging for Numerical 
Applications) library, developed by the Laboratoire 
d’Informatique de Paris 6 (http://www.lip6.fr/), uses an 
implementation of discrete stochastic arithmetic (DSA) based 
on the CESTAC method. The discrete stochastic arithmetic 
replaces the computer's deterministic arithmetic by 
performing each floating point operation 3 times, randomly 
rounding each time. The computing time of a program using 
CADNA increases as: 
• the number of floating point operations is multiplied 
by three in contrast of the original code; 
• frequent systems calls are performed to change the 
rounding mode; 
• the number of cache defaults increases. 
The use of the xD+P approach has permitted to verify for 
example that the water elevation computed in this study case 
is accurate from 10 to 15 significant digits for the first 2000 
time steps as presented in Fig. 6. 
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Figure 6.  Number of significant digits on the water level field 
Unfortunately, it was not possible to perform the 
numerical verification for all the time steps of the study case 
as the computing was performed only on eight processors on 
a local cluster. Séthy Montan, PhD student at EDF R&D, is 
currently working to implement efficiently CADNA in the 
TELEMAC system on supercomputers like IBM BG/P to 
perform large scale simulations. 
F. Validation of the far wake 
To validate the far wake, since the experimental data are 
only available for a maximum distance of 2 equivalent 
diameters from the cylinder, it has been checked that self-
similarity of transversal velocity profile is verified along the 
flume. This is done for a specific set of options summarised 
in the paragraph G. 
[7] derives the following formula, at the given 
longitudinal coordinate, x, of the flume: 
 φ(ζ) = exp (– ½ ζ²), (4) 
 where ζ = y / l(x). (5) 
This function φ defines the velocity deficit: 
 udef = u∞ – u(x,y) = udef-max φ(ζ). (6) 
The function φ, calculated with the analytical formula 
and with the velocity field from the simulations, is plotted 
versus ζ on the Fig. 7, for different distances from the 
cylinder. Those curves correspond to the constant viscosity 
model. Since the curves from the analytical formula and from 
the simulations are well matched, it validates the far wake. 
The same result is obtained with the k-ε model. 
G. Conclusions 
Time step and mesh size convergences have been 
checked. There are always optimal values for those both 
options, which additionally lead to nearly the same results 
whatever the advection scheme and the turbulent model 
chosen. However, the user has to be careful when using very 
small time step or mesh size because the error could increase. 
 
Figure 7.  Selfsimilarity function φ(ζ) calculated with the simulations (red 
curve) and with the analytical formula (4) (green curve) at different 
distances from the turbine (from left to right, from top to bottom: x= 5D, 
x=10D, x=25D, x=50D), for the constant viscosity model 
Regarding the other numerical options, the following 
conclusions are drawn: 
• Regarding the advection scheme, both of them lead 
to quite the same velocity field once convergence is 
reached. Thus, the PSI scheme is considered as the 
best one since it conserves the mass. 
• Regarding turbulence models, no definitive 
conclusion can be drawn. Both will be used for the 
converter application. 
• Regarding mesh type, the structured mesh enables 
convergence to be reached with larger mesh size and 
time step. However an error as small as the previous 
one can be reached with unstructured mesh thanks to 
smaller mesh size. For the application to a real array 
on the open sea, the mesh has to be unstructured, 
thus this type of mesh is selected for the next step of 
methodology. 
Finally, those conclusions display a recommended set of 
numerical options, relevant for the rest of the study. 
 
III. THE DRAGFO ROUTINE: TRANSITION FROM THE 
CYLINDER TO THE TIDAL CONVERTER 
A. Presentation of the DRAGFO routine 
The model used to simulate the tidal converter is based 
on the Fortran DRAGFO routine, available in Telemac2D to 
simulate bridge piles. The obstacle is not represented in the 
mesh but is modelled by the application of a drag force on 
the fluid, on an area A which has to be defined by the user. 
The drag force can be expressed with: 
 Fd = – ½ ρ Cd S V², (7) 
where Cd is the drag coefficient, S the surface of the 
obstacle perpendicular to the flow and V is usually the value 
of the velocity if the obstacle were not there. 
For stability reason, in our model, V is simply the local 
velocity (which exists since the obstacle is not meshed). This 
154
XIXth TELEMAC-MASCARET User Conference Oxford, UK, October 18–19, 2012 
 
 
leads to a new definition of the drag coefficient. Cd becomes 
a parameter of the model, adjusted to a value which could be 
different from the one coming from the experiment. 
Another improvement has been brought to the obstacle 
model for the k-ε turbulence model. Since the cylinder or the 
converter is not meshed anymore, there is no self production 
of turbulence downstream the obstacle. A production term is 
added in the equation of k and ε, so that turbulent kinetic 
energy is generated by the model, on the area A where the 
drag force is applied. This term is equal to: 
 η ∙ ½ Cd S V3 ∙ 1/Ah, (8) 
where Cd, S, V and A are defined as previously 
explained, h is the water height and η is a coefficient between 
0 and 1. η can be understood as the part of the energy lost by 
the flow, which is converted to kinetic turbulent energy and 
then dissipated into heat. 
B. Validation of DRAGFO for the cylinder case 
The model has to be validated on the previous cylinder 
case before it is applied to the study of a tidal device. 
Simulations with the optimal set of options (found in the first 
step) and the DRAGFO routine are run for a mesh where the 
cylinder is not represented anymore. The drag coefficient is 
set so that the mechanical energy loss due to the cylinder is 
the same as the one obtained with the meshed cylinder. 
Fig. 8 displays the velocity in m/s and the mechanical 
power for one slice of fluid in kW, for the constant viscosity 
model. The black points correspond to the experimental data, 
the red curve to the previous simulations with the cylinder 
and the green one to the simulation with the DRAGFO 
routine and Cd=6. Note that Cd=1.15 (green curve) for a 
cylinder at this Reynolds number [8]. But as explained in the 
previous paragraph, this tabulated value has to be tuned 
because the local velocity, instead of a reference velocity, is 
used to calculate the drag force. The velocity and the 
mechanical power along the flume are both well reproduced 
with DRAGFO, except for the field very close to the 
cylinder. Thus, the model is validated in a simple case and 
can be used to reproduce the tidal converter effects on the 
flow. This approach is justified because the perturbation on 
the flow for the converter should be similar to the cylinder 
one (at least, far from the obstacle), if the dimension of the 
two obstacles and the velocity of the flow are of the same 
order of magnitude. 
 
Figure 8.  Velocity in m/s (left) and mechanical power in kW (right) along 
the flume for the experimental data (black dots), for the simulation with the 
meshed cylinder (red curve) and with the DRAGFO routine (Cd=1.5 green 
curve and Cd=6 blue curve), for the constant viscosity model 
C. DRAGFO routine particularities for the converter case 
The DRAGFO routine can be used to model a tidal 
converter with some particularities. The area S becomes a 
disc with an area equal to πR², where R is the radius of the 
turbine. A is defined as a rectangle, as schematised on Fig. 9. 
In the present study, the drag coefficient is derived from 
the thrust measured on the device rotor and from a reference 
velocity. It has already been mentioned that Cd becomes a 
parameter since the velocity considered for the drag force 
calculation is a local one. This parameter should also take 
into account a large variety of phenomena, so that the model 
reproduces properly all the energy losses: 
• The stress applied by the whole converter - including 
the rotor, the mast and the hub - on the flow, which 
consists of the reciprocal drag force (including form 
drag and friction drag) and of the reciprocal lift force 
• The energy dissipated by the turbulence generated by 
the obstacle and the rotation of the rotor 
• The energy dissipated in the sheared flow 
downstream 
IV. MODELLING THE TIDAL TURBINE WAKE 
A. Experimental data for the turbine in the flume 
To quantify the effects of the current velocity, the 
turbulence of the flow, the distance between the rotor and the 
free surface or the presence of waves on the performance and 
wake , a 1/30th scale turbine with a 0.60 meter diameter rotor 
(D), has been manufactured (Fig. 10). Experiments take place 
in an 80-meter-long, 1.5-meter-wide flume equipped with a 
reversible current circuit (maximum flow rate of 1000 l/s) 
and a wave paddle (Fig.11). 
Combined with a measurement of the speed of rotation, 
sensors of torque and thrust on the rotor of the turbine allow 
calculating the power and thrust coefficients of the rotor for 
different speeds of rotation. An Acoustic Doppler Velocity 
meter (ADV) is used to record local 3D velocity and 
turbulence intensity. Moving the ADV along the flume, 
upstream and downstream of the turbine, allows the mapping 
of the wake. 
 
Figure 9.  Sketch of the flow around the turbine and of the area A where 
the drag force is applied 
 
Figure 10.  Photo of the 1/30th scale turbine used in the LNHE experiments 
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Figure 11.  Photo of the turbine and of the flume used in the LNHE 
experiments 
The flow velocity, U, is the measurement of the flow at 
about 5 diameters upstream the turbine at the height of the 
rotor. The turbulence intensity (TI) is called “low” (measured 
between 5 and 10% in a cross section) for the flume in its 
usual state or “high” (measured between 15 and 20%) when 
breezeblocks are placed on the flume floor increasing its 
roughness. 
Fig. 12 shows an example of measured power and thrust 
curves obtained for U=0.55 m/s, 0.8 m of water height and 
low turbulence intensity. 
 Cp = Power / ½ ρSU3 and (8) 
 CT = Thrust / ½ ρSU², (9) 
are respectively the power and thrust coefficients with ρ 
the density and 
 S = π (D/2)2, (10) 
the surface of the rotor. The Tip Speed Ratio (TSR) is 
defined as: 
 (D/2)∙ω / U, (11) 
with ω the rotor’s speed of rotation. Fig. 13 shows the 
velocity and turbulence intensity measurements in the wake 
of the turbine (Arrows represent the 3D velocity and spheres 
represent the turbulence intensity). 
The reference test used for the simulations described in 
this article corresponds to the low velocity (U=0.27 m/s), low 
turbulence intensity (TI between 5 and 10%), small water 






















   
Cp Ct
 
Figure 12.  Example of measured power and thrust curves obtained for 
U=0.55 m/s, 0.8 m of water height and low turbulence intensity 
 
Figure 13.  The velocity and turbulence intensity measurements in the wake 
of the turbine (arrows represent the 3D velocity and spheres represent the 
turbulence intensity) 
B. Simulation options 
The mesh represents the whole flume. The options chosen 
for the simulations are the ones described in the cylinder 
case, namely the PSI scheme, an unstructured mesh, the 
constant viscosity and k-ε models. The mesh size and the 
optimal time step are also based on the cylinder flow but a 
convergence study is still necessary to ensure the latter. 
The inlet flow, respectively the friction coefficient, is set 
so that the upstream velocity, respectively the kinetic 
turbulent energy, matches the experimental one. A 
parametric study is carried out on the following parameters: 
• Cd 
• The rectangular area A defined by its transversal 
half-length D and its longitudinal half-length L (cf. 
Fig. 9) 
• the turbine location which corresponds to the centre 
of the A rectangle 
• the turbulent viscosity when the constant viscosity 
model is selected 
• η when the k-ε model is used 
C. Simulation results for one TSR 
An extensive parametric study is carried out for one TSR 
equal to 3.5. The axial wake is investigated as well as one 
transversal velocity profile, two diameters downstream of the 
turbine. The axial wake is characterised by the velocity 
deficit (the minimum velocity in the wake), the location of 
this deficit and the slope of the speed recovery. 
The initial Cd corresponds to the one measured for the 
rotor, it has to be increased in order to take into account all 
the energy losses. Increasing the Cd leads to a rise of the 
velocity deficit downstream without modifying the far wake. 
On the contrary, increasing D leads to a decrease of the 
velocity deficit. It also results in a wider and flatter 
transversal wake. 
Increasing L slightly increases the velocity deficit and 
switches it more downstream. The precise location of 
velocity deficit can also be displaced by moving the location 
of A i.e. of the turbine. 
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For the turbulence model based on constant viscosity, 
increasing the turbulent viscosity has the effect of slowing 
down the speed recovery. 
For the k-ε turbulence model, adding a production term in 
k and ε equations enables to change the trend of turbulence 
downstream: without any modification, k diminishes behind 
the turbine, whereas it rises with the new production term, 
which is conform to experimental observations. Tuning η 
allows to match the k values in the wake to the experimental 
ones. The speed is not modified much by this term (much 
less than 1 cm/s), the deficit is slightly decreased and the 
recovery slope slightly increased. This confirms experimental 
data: more turbulence leads to more mixing and a faster 
speed recovery. 
Taking into account the result of the parametric study, an 
optimal set of parameters summarised in Table I. can be 
found to reproduce the wake properly for this specific case. 
The axial wake and the transversal profile simulated with the 
two turbulence models are presented in Fig. 14 and Fig. 15. 
The maximum error relatively to the experimental data is 
observed for the transversal flow and is equal to 2 cm/s, the 
velocity being around 25 cm/s and the deficit around 5 cm/s. 
Apart from the inlet flow and the friction coefficient, 
which are different because the transversal profile is 
different, the parameters are the same for the two turbulence 
models. 
 
Figure 14.  Depth averaged velocity profile along the flume in the axis of 
the turbine (black points correspond to the experimental data, red curve to 
the constant viscosity model and green curve to the k-ε model) 
 
Figure 15.  Transversal profile 2.2D downstream the turbine (black points 
correspond to the experimental data, red curve to the constant viscosity 
model and green curve to the k-ε model) 
D. Generalisation to other TSR 
The wake has been mapped for other rotational speeds of 
the device. For the TSR equal to 3.5 the measured Cd has 
been increased of 15% (from 0.91 to 1.05) to match the 
experimental and the simulated wake. Does it exist a law 
linking the experimental Cd to the one used as a parameter to 
reproduce properly the velocity deficit into Telemac2D? 
Fig. 16 displays the experimental axial wake for the 
different TSR and associated Cd, as well as the wake 
obtained with Telemac2D and different values of Cd. As said 
before in the simulations when Cd increases, the velocity 
deficit follows the same trend. Whereas it is not the case for 
the experimental data: for example for a TSR of 3.5 the Cd is 
0.91, but the velocity deficit is larger than the one for a TSR 
of 4.5 and a Cd of 0.97.  
This can be understood in an easier way with the sketch 
of Fig. 17, representing the experimental data: the curve 
giving the minimum velocity as a function of the TSR is not 
perfectly the opposite of the drag coefficient curve. A limit of 
the model used until now is highlighted: according to the 
drag coefficient curve (cf. Fig. 18), two different TSRs, thus 
two different rotational speeds (U and R being constant), can 
lead to the same Cd, thus to the same simulated wake, 
whereas it is obvious in the experimental results that the two 
wakes are different. It can also be physically expected that 
two different rotational speeds, even if the same drag force is 
applied on the rotor, result in two different wakes. 
 
Figure 16.  Experimental axial wake for the different TSR and associated 
Cd (ranking by increasing Cd) as well as the wake obtained with 
Telemac2D, constant viscosity model and different values of Cd (Cd=0.8 
and 1.02) 
 
Figure 17.  Sketch of the off-set Cd and minimum velocity curves versus 
TSR, based on the experimental observations 
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TABLE I.  OPTIMAL SET OF PARAMETERS TO REPRODUCE THE EXEPERIMENTAL TEST FOR TSR=3.5 











the end of the flume (m) 
νt (m²/s) 
or η (-) 
Constant viscosity model 0.281 80 1.05 0.15 1.0 19.7 0.00005 
K-ε model 0.278 100 1.05 0.15 1.0 19.7 0.1 
 
 
Figure 18.  Sketch highlighting a limit of the model : one Cd corresponds to 
two rotation speed thus two different wakes, which is not the case in the 
model 
V. CONCLUSION 
The appropriate numerical options for the study of a free 
surface flow in a flume around an obstacle and for a 
Reynolds number around 105 have been investigated thanks 
to the well documented flow around a cylinder. Some 
relevant conclusions are drawn especially regarding 
Telemac2D convergence. The DRAGFO routine developed 
for the tidal converter has also been validated in this simple 
case, before being applied to the turbine itself. 
Simulations are run to perform a parametric study and to 
reproduce experiments carried out at the LNHE, namely the 
study of the wake and of the performance of a tidal converter 
at 1/30th scale. For one blade rotational speed it is possible to 
adjust the model parameters to reproduce the wake with a 
small error. 
However when extending the model to other rotational 
speeds, a limit of the model is highlighted: one drag 
coefficient will lead to one simulated wake whereas it may 
correspond in reality to two different rotational speeds and 
two different wakes. 
Other tests, with different turbulent intensity and different 
velocity are now investigated to help improve the model. 
Afterwards, the model will be applied to small arrays to take 
into account interactions between devices and wakes, and 
once again compared to experimental data. The final aim is 
to be confident enough in the simulation method and in the 
device model to simulate full size arrays at basin scale. 
At last, we hope to get very soon results from CADNA in 
order to perform the numerical verification. 
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